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(57) In a fabrication method of coated optical fiber 
21, the coated optical fiber 21 is fabricated by heating 
to soften an end of an optical fiber preform 11 to draw a 
glass fiber 13 out therefrom, laying coatings 16, 19 on 
the glass fiber 13 to make the coated optical fiber 21, 
and guiding the coated optical fiber 21 via a swing guide 
roller 23 periodically swinging , to twist the coated optical 
fiber 21, thereby imparting twists about the axis to the 
glass fiber 1 3 inside the coated optical fiber 21 . The fab- 
rication method comprises a step of passing the coated 
optical fiber 21 having passed the swing guide roller 23, 
through a free zone (between 26 and 27) in which the 
coated optical fiber 21 is allowed to freely rotate about 
the axis, and thereby longitudinally canceling out elastic 
torsion stored in the coated optical fiber 21 because of 
longitudinally alternate inversion of twist directions 
thereof, wherein a zone length L (m) of the free zone is 
not less than Lo (m) defined as follows: 

Lo (m) = [a maximum drawing speed of the coated 
optical fiber (m/min)]/[the number of clockwise and 
counterclockwise swing motions per unit time of the 
swing guide roller (motions/min)]. 
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Description 
Technical Field 

[0001] The present invention relates to a method and 
apparatus for fabricating a coated optical fiber while re- 
ducing polarization mode dispersion, and to a coated 
optical fiber fabricated thereby. 

Background Art 

[0002] In a conventional fabrication method of fiber 
drawing by heating to soften one end of an optical fiber 
preform and pulling a glass fiber downward therefrom, 
it was difficult to make the glass fiber with a core portion 
and a cladding portion around it in perfectly circular and 
concentric cross section, and their cross section was 
usually slightly elliptic or of slightly distorted circle 
shape. For this reason, the refractive index distribution 
in the cross section of the glass fiber wan not perfectly 
uniform and this caused the difference between group 
velocities of two polarized waves in the cross section of 
the glass fiber, the problem of increase in polarization 
mode dispersion has occurred. 
[0003] Large polarization mode dispersion would 
raise a problem, particularly, when an optical fiber cable 
is used in practice as a submarine cable or a main cable 
required performance of which is large-capacity and 
long-haul transmission. A solution to this problem of po- 
larization mode dispersion is a fabrication method of 
coated optical fiber, e.g., as disclosed in Japanese Pat- 
ent Application Laid-open No. H9-243833, in which the 
glass fiber is drawn and coated to obtain a coated optical 
fiber and the coated optical fiber is guided by a guide 
roller periodically swinging the direction of its rotation 
axis, thereby imparting predetermined twists to the 
glass fiber. 

[0004] Fig. 3 shows the fabrication steps of this meth- 
od. An optical fiber preform 11 placed in a drawing fur- 
nace 12 is heated to soften at one end thereof and a 
glass fiber 13 is pulled vertically downward therefrom 
under drawing tension of a take-up unit 26 described 
hereinafter. At this time, the outside diameter of the 
glass fiber 13 is measured by outside diameter gauge 
14 and a controller not shown controls the drawing 
speed, feed speed of the optical fiber preform, etc. so 
as to keep the fiber diameter in a prescribed range. 
[0005] A coating die 15 applies an ultraviolet (UV)- 
curable resin 1 6 onto the periphery of glass fiber 1 3 and 
a UV emitting unit 17 emits UV light to cure the resin 16, 
thereby forming a coating. A coating die 18 further ap- 
plies a UV-curable resin 19 onto the periphery of the 
coating and an UV emitting unit 20 emits UV light to cure 
this resin 19, thereby forming a second coating and ob- 
taining a coated optical fiber 21. After that, the coated 
optical fiber 21 is guided via guide rollers 22, a swing 
guide roller 23, guide rollers 24, 25, and the take-up unit 
26 to be wound onto a winding-up reel 27. 



[0006] The following will explain the principle of im- 
parting the twists to the glass fiber by the swing guide 
roller. Fig. 4 is a plan view of the swing guide roller. A 
roller rotation axis 23b of the swing guide roller 23 is 

5 always within the horizontal plane even during swinging 
and swings in a clockwise and a counterclockwise mo- 
tion of a fixed period within an angular range of ±8 with 
respect to a reference position about a vertical axis 23c 
passing the center of the swing guide roller 23. 

w [0007] Accordingly, when the swing guide roller 23 
swings from the reference position in the direction A in 
the figure, it goes into a state of swing guide roller 23'; 
when swinging in the opposite direction B, it goes into 
a state symmetric therewith with respect to the refer- 

15 ence position, though not shown. As a result, when the 
swing guide roller is at the reference position, the coated 
optical fiber 21 descending from above is in contact with 
a roller surface 23a at a point Pa and travels along the 
roller surface so that the traveling direction thereof is 

20 bent from the vertical direction to the horizontal direc- 
tion. Then, the coated optical fiber 21 travels in the di- 
rection of arrow C. 

[0008] When the swing guide roller swings to move to 
the position of 23\ if the coated optical fiber 21 did not 

25 move on the roller surface 23a, the coated optical fiber 
21 would first contact the roller surface 23a at a position 
of point Qa. However, since the coated optical fiber 21 
is held under tension, the coated optical fiber 21 moves 
on the roller surface 23a to take the shortest course. 

30 This causes the first contact position of the coated op- 
tical fiber 21 with the roller surface 23a to move to a 
position of point Qb on the roller surface 23a. At this 
time, since friction acts between the coated optical fiber 
21 and the roller surface 23a, the coated optical fiber 21 

35 does not slide to move on the roller surface 23a, but the 
coated optical fiber 21 moves on the roller surface 23a 
while rolling about its axis. Namely, there appears the 
rolling motion of the coated optical fiber 21 about its axis. 
[0009] When the coated optical fiber 2 1 rolls about its 

40 axis at the first contact position thereof with the swing 
guide roller 23, its rolling force is transmitted immediate- 
ly above along the coated optical fiber 21 up to the sof- 
tening position in the lower part of the optical fiber pre- 
form 11 from which the glass fiber is being drawn. Since 

45 the glass fiber 1 3 under drawing at the softening position 
in the lower part of the optical fiber preform 11 is still in 
a softening state and thus soft, the rolling force trans- 
mitted through the coated optical fiber 21 directly acts 
on the glass fiber 13 in the softening state at the tip of 

50 the optical fiber preform 11, so that a twist is imparted 
to the drawn glass fiber 1 3 in the softening portion at the 
tip of the optical fiber preform 11 . Then the coatings are 
provided on the glass fiber 1 3 to make the coated optical 
fiber 21. 

55 

Disclosure of the Invention 

[0010] Since the optical fiber on the optical fiber pre- 
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form side with respect to the swing guide roller works to 
transmit the rolling force generated by the rolling about 
the axis of the coated optical fiber at the position of the 
swing guide roller, mainly to the drawing portion of the 
glass fiber, the optical fiber itself is little subject to twist- 5 
ing strain between the tip of the optical fiber preform and 
the swing guide roller. However, the coated optical fiber 
21 is twisted between the swing guide roller 23 and the 
guide roller 24 because of the rolling about the axis at 
the position of the swing guide roller 23. This twist re- 10 
verses the twist direction according to inversion of the 
swing direction of the swing guide roller, and thus twists 
can be averaged in the longitudinal direction to cancel 
out each other. However, if the cancellation of twists in 
the longitudinal direction is insufficient because of exist- 15 
ence of the guide roller and others, the residual twists 
will be stored in the coated optical fiber itself and move 
along with the travel of the coated optical fiber via the 
take-up unit 26 up to the winding-up reel 27. 
[0011] The twists stored in the coated optical fiber are 20 
elastic torsion and thus internal stress always acts in 
directions to return the twists. Therefore, there will arise 
the problem that during a subsequent step of feeding 
the coated optical fiber out of the winding-up reel 27, 
portions of the coated optical fiber twine round each oth- 25 
er to cause a groove state or in the worst case the coated 
optical fiber is forcibly drawn from the twining portions 
of the coated optical fiber to cause disconnection. This 
problem becomes more noticeable, particularly, with in- 
crease in the drawing speed in fabrication of the coated 30 
optical fiber. 

[0012] The present invention provides a fabrication 
method and fabrication apparatus of coated optical fiber 
capable of relieving the elastic torsion remaining in the 
coated optical fiber to an unproblematic level even with 35 
increase in the drawing speed in fabrication, and also 
provides a coated optical fiber fabricated thereby. 
[0013] The inventor had the idea that, in order to ad- 
equately cancel out the elastic torsion of the coated op- 
tical fiber in the longitudinal direction, a free zone to per- <o 
mit the coated optical fiber to freely rotate around the 
axis was provided between the swing guide roller and 
the winding-up reel and the coated optical fiber was al- 
lowed to twist only in this free zone, thereby reducing 
the residual torsion in the coated optical fiber wound up. 45 
The inventor thus conducted research to determine nec- 
essary conditions for the free zone with variations in the 
length of the free zone, the drawing speed in fabrication, 
and the number of clockwise and counterclockwise 
swing motions per unit time of the swing guide roller and 50 
checked the residual torsion of the coated optical fiber 
wound up on the winding-up reel in each of the cases. 
The free zone was constructed as a section in which the 
coated optical fiber was able to travel straight without 
touching any other member such as the guide roller. 55 
[0014] The following method was used to check the 
residual torsion in the coated optical fiber wound up on 
the winding-up reel. With the coated optical fiber being 



wound on the winding-up reel, a mark was placed on 
the surface of the coated optical fiber facing to the front 
surface side of the winding-up reel and the coated opti- 
cal fiber was fed by 1 m out of the winding-up reel to free 
the rotation about the axis, thereby perfectly releasing 
the residual, elastic torsion. Then the number of twists 
of the mark at that time was defined as the number of 
residual torsion in the coated optical fiber wound up on 
the winding-up reel. Fig. 5 is a diagram showing num- 
bers of residual torsion by O, A, and x in a graph in 
which the abscissa represents the ratio of the drawing 
speed in fabrication to the number of clockwise and 
counterclockwise swing motions of the swing roller per 
unit time and the ordinate the zone length of the free 
zone. The evaluation herein was made according to the 
following criteria: x for the number of residual torsion of 
not less than 1 twist/m, A for not less than 0.1 twist/m 
but less than 1 twist/m, and O for less than 0.1 twist/m. 
[001 5] It is seen from Fig. 5 that the number of residual 
torsion can be controlled to below 0.1 twist/m when the 
length of the free zone is equal to or larger than (the 
drawing speed in fabrication / the number of clockwise 
and counterclockwise swing motions per unit time). 
Since the drawing speed is normally reduced immedi- 
ately after a start of fabrication or immediately before an 
end of fabrication, it is preferable to apply a maximum 
drawing speed to the determination of the length L of 
the free zone. Letting Lo = (maximum drawing speed in 
fabrication) / (the number of clockwise and counter- 
clockwise swing motions per unit time), the above ine- 
quality can be rewritten as L > Lo. From these, when the 
free zone is set so as to satisfy L > Lo, the residual tor- 
sion in the coated optical fiber wound up can be control- 
led in the preferable range of less than 0.1 twist/m. 
[001 6] The present invention has been accomplished 
on the basis of the foregoing finding and a fabrication 
method of coated optical fiber according to the present 
invention is a method of fabricating a coated optical fiber 
by heating to soften an end of an optical fiber preform 
to draw a glass fiber out therefrom, laying a coating on 
the glass fiberto make a coated optical fiber, and guiding 
the coated optical fiber via a swing guide roller periodi- 
cally swinging, to twist the coated optical fiber, thereby 
imparting twists about the axis to the glass fiber inside 
the coated optical fiber, the method comprising a step 
of passing the coated optical fiber having passed the 
swing guide roller, through a free zone in which the coat- 
ed optical fiber is allowed to freely rotate about the axis 
of the optical fiber, and thereby longitudinally canceling 
out elastic torsion stored in the coated optical fiber be- 
cause of longitudinally alternate inversion of twist direc- 
tions thereof, wherein a zone length L (m) of the free 
zone is not less than Lo (m) defined as follows: 

Lo (m) = [a maximum drawing speed of the coated 
optical fiber (m/min)]/[the number of clockwise and 
counterclockwise swing motions per unit time of the 
swing guide roller (motions/min)]. 
[0017] In addition, a fabrication apparatus of coated 
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optical fiber according to the present invention is an ap- 
paratus for fabricating a coated optical fiber, the appa- 
ratus comprising a drawing furnace for heating to soften 
an end of an optical fiber preform to draw a glass fiber 
out therefrom, a coating unit for laying a coating on the 5 
glass fiber, and a swing guide roller for twisting a coated 
optical fiber thus made with the coating, thereby impart- 
ing twists about the axis to the glass fiber, the apparatus 
comprising a free zone through which the coated optical 
fiber having passed the swing guide roller is made to 10 
pass in a free state of rotation about the axis, wherein 
a zone length L (m) of the free zone is not less than Lo 
(m) defined as follows: 

Lo (m) = [a maximum drawing speed of the coated 
optical fiber (m/min)]/[the number of clockwise and *5 
counterclockwise swing motions per unit time of the 
swing guide roller (motions/min)]. 
[001 8] In a preferable aspect, the free zone is a region 
between two guide members and is retained so that the 
coated optical fiber can travel straight between the two 20 
guide members while being maintained in a noncontact 
state with another member. In the free zone there may 
be provided at least one intermediate guide roller having 
a smooth roller surface for allowing the coated optical 
fiber to pass in a freely rotatable state about the axis. 25 
When the free zone is provided with such a guide roller 
having the smooth roller surface, the entire system can 
be constructed in relatively small size, as compared with 
those provided with a straight free zone. 
[0019] The length of the free zone is preferably ad- 30 
justable. This can be realized by locating a movable 
guide roller at least at one of the two ends of the free 
zone or by arranging at least one of intermediate guide 
rollers as movable. In this arrangement, the movable 
guide roller is moved on the occasion of hanging the 35 
coated optical fiber on the rollers to reduce the zone 
length L to below Lo, and after completion of the hang- 
ing, the movable guide roller is again moved to return 
the zone length L to the value not less than Lo, whereby 
the working zone for the hanging work can be shortened 40 
during the hanging of the coated optical fiber, so as to 
facilitate the work. 

[0020] The fabrication method of coated optical fiber 
according to the present invention is suitably applicable 
to cases where the maximum drawing speed of the coat- 45 
ed optical fiber is not less than 600 m/min and the 
number of clockwise and counterclockwise swing mo- 
tions per unit time of the swing guide roller is not more 
than 300 motions/min. In the region of the maximum 
drawing speed of not less than 600 m/min the foregoing 50 
residual torsion becomes particularly significant, and if 
the number of clockwise and counterclockwise swing 
motions is set large over 300 motions/min in such a high 
speed region there will appear considerable variation in 
the glass diameter and heavy degradation of the ap- 55 
pearance of the glass fiber. Therefore, it is necessary to 
control the number of clockwise and counterclockwise 
swing motions as described above. 



Brief Description of the Drawings 
[0021] 

Fig. 1 A is a view showing an embodiment of the fab- 
rication apparatus of coated optical fiber according 
to the present invention, and Fig. 1 B a view showing 
another embodiment of the free zone in this appa- 
ratus. 

Fig. 2 is a view showing an embodiment in which 
movable guide rollers are provided in the free zone 
in the fabrication apparatus of coated optical fiber 
according to the present invention. 
Fig. 3 is a view showing the fabrication steps of the 
coated optical fiber. 

Fig. 4 is a top plan view of a swing guide roller. 
Fig. 5 is a diagram showing the numbers of residual 
torsion by O, A, and x, in which the abscissa rep- 
resents the drawing speed / the number of clock- 
wise and counterclockwise swing motions per unit 
time and the ordinate the zone length of the free 
zone. 

Best Mode for Carrying Out the Invention 

[0022] Preferred embodiments of the present inven- 
tion will be described below in detail with reference to 
the accompanying drawings. To facilitate the compre- 
hension of the explanation, the same reference numer- 
als denote the same parts, where possible, throughout 
the drawings, and a repeated explanation will be omit- 
ted. 

[0023] Fig. 1A is a view showing an embodiment of 
the fabrication apparatus of coated optical fiber accord- 
ing to the present invention and Fig. 1B a view showing 
another embodiment of the free zone. The apparatus 
shown in Fig. 1A is constructed by providing the appa- 
ratus shown in Fig. 3, with the free zone being the fea- 
ture of the present invention, and the other structure is 
the same as that of the apparatus of Fig. 3. Guide rollers 
1 and 2 shown in Fig. 1B are guide rollers each having 
a smooth roller surface. In the embodiment of Fig. 1 A, 
the take-up unit 26 and winding-up reel 27 are arranged 
with a large space in between, the space between them 
is the free zone in which the coated optical fiber 21 can 
travel straight without touching any other member such 
as a guide roller, and the zone length L of the free zone 
is not less than aforementioned Lo. 
[0024] In this structure with the free zone, when the 
coated optical fiber is made to pass through the free 
zone, since the coated optical fiber includes the elastic 
torsion in the twist directions alternately inverted along 
the longitudinal direction, the inverted twists cancel out 
each other in the longitudinal direction, so as to reduce 
the residual torsion. In the embodiment of Fig. 1 A, well- 
known devices can be applied to the devices except for 
the free zone as they are. 

[0025] When the drawing speed is increased from 
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conventionally common 150 m/min to not less than 600 
m/min, it is necessary to increase the number of clock- 
wise and counterclockwise swing motions or lengthen 
the length of the free zone, in order to keep the number 
of residual torsion not more than 0. 1 twist/meter. For ex- 5 
ample, if the number of clockwise and counterclockwise 
swing motions is set to 50 motions/min of the conven- 
tional level, a necessary length will be 12 m for the free 
zone, which is not practical. On the other hand, increase 
in the number of clockwise and counterclockwise swing w 
motions will result in undesirably increasing the variation 
in the glass diameter and degrading the appearance of 
the glass fiber. The variation in the glass diameter needs 
to be kept not more than ±0.5 ujti and for that, it is pref- 
erable to set the number of clockwise and counterclock- 15 
wise swing motions to not more than 300 motions/min. 
In this setting, the length of the free zone can be only 2 
m. 

[0026] The embodiment of Fig. 1B is the example of 
the free zone wherein the guide rollers 1 and 2 having 20 
their respective smooth roller surfaces are placed be- 
tween the take-up unit 26 and the winding-up reel 27, 
the coated optical fiber 21 is hung on the guide rollers 
1, 2, and the length L of the free zone in this example is 
the length of the coated optical fiber thus hung between 25 
the take-up unit and the winding-up reel. In this case the 
locations of the guide rollers and others are also deter- 
mined so as to satisfy L > Lo. 

[0027] The guide rollers 1 , 2 each having the smooth 
roller surface can be either of flat rollers and V-groove 30 
rollers made of aluminum, hard plastic resin, and other 
materials. These are preferably made of a material hav- 
ing Rockwell hardness HRM of 50 or higher. While the 
coated optical fiber is hung on the guide rollers, the coat- 
ed optical fiber rolls about the axis on the roller surfaces 35 
with travel of the fiber, because the guide rollers have 
the hard and smooth roller surfaces. With the coated op- 
tical fiber being hung on such guide rollers provided in 
the free zone, there will be no particular hindrance to the 
longitudinal canceling of elastic torsion in the coated op- *o 
tical fiber. 

[0028] Fig 2 is a view showing an example using mov- 
able guide rollers. Stationary guide rollers 3, 6 and mov- 
able guide rollers 4, 5 are constructed all of those each 
having a smooth roller surface. The movable guide roll- 45 
ers are normally located at their respective positions 4 
and 5 and can be moved to positions 4' and 5' for fiber 
hanging or the like. The movement of the movable guide 
rollers can be implemented, for example, by use of a 
guide rail and a chain not illustrated. Since the stationary 50 
guide rollers 3, 6 and movable guide rollers 4, 5 are con- 
structed of the guide rollers each having the smooth roll- 
er surface, the length of the free zone is the hanging 
length of the coated optical fiber between the take-up 
unit 26 and the winding-up reel 27. 55 
[0029] Accordingly, the length of the free zone is L 
with the movable guide rollers at the positions 4, 5, 
whereas it is L* with the movable guide rollers at the po- 
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sitions 4', 5'. In this case the movable guide rollers and 
others are located so as to satisfy L > Lo. The length of 
the free zone is decreased during the fiber hanging or 
the like, using such movable guide rollers, whereby the 
hanging work can be facilitated, upon arrival at the nor- 
mal drawing speed the movable guide rollers are moved 
to the positions 4, 5 and thus there is no hindrance to 
the longitudinal canceling of elastic torsion in the coated 
optical fiber. 

[0030] The above embodiments showed the exam- 
ples in which the free zone was provided between the 
take-up unit and the winding-up reel, but the free zone 
can be provided anywhere after the swing guide roller; 
e.g., even before the take-up unit. If there is no space 
available for the free zone in the drawing step for some 
reason, e.g., because of the installation place, it is also 
possible to reduce the residual torsion in the coated op- 
tical fiber by a method of winding the coated optical fiber 
with large residual torsion once on the winding-up reel 
as it is, again feeding the coated optical fiber out of the 
winding-up reel with adequate attention, and guiding the 
coated optical fiber through another device provided 
with the free zone to be again wound up on another 
winding-up reel. 

Industrial Applicability 

[0031] The fabrication method and apparatus of the 
coated optical fiber according to the present invention 
can be applied to fabrication of various coated optical 
fibers and can be suitably applied, particularly, to fabri- 
cation of dispersion compensating fibers causing large 
polarization mode dispersion. 

Claims 

1. A method of fabricating a coated optical fiber by 
heating to soften an end of an optical fiber preform 
to draw a glass fiber out therefrom, laying a coating 
on the glass fiber to make a coated optical fiber, and 
guiding the coated optical fiber via a swing guide 
roller periodically swinging, to twist the coated op- 
tical fiber, thereby imparting twists about the axis to 
the glass fiber inside the coated optical fiber, said 
method comprising a step of passing the coated op- 
tical fiber having passed said swing guide roller, 
through a free zone in which the coated optical fiber 
is allowed to freely rotate about the axis of the op- 
tical fiber, and thereby longitudinally canceling out 
elastic torsion stored in the coated optical fiber be- 
cause of longitudinally alternate inversion of twist 
directions thereof, wherein a zone length L (m) of 
said free zone is not less than Lo (m) defined as 
follows: 

Lo (m) = [a maximum drawing speed of the 
coated optical fiber (m/min)]/[the number of clock- 
wise and counterclockwise swing motions per unit 
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time of the swing guide roller (motions/min)]. 

2. The method according to Claim 1, wherein the 
length of said free zone is adjustable. 

5 

3. The method according to Claim 1 , wherein the max- 
imum drawing speed of said coated optical fiber is 
not less than 600 m/min and the number of clock- 
wise and counterclockwise swing motions per unit 
time of the swing guide roller is not more than 300 10 
motions/min. 

4. An apparatus for fabricating a coated optical fiber, 
said apparatus comprising a drawing furnace for 
heating to soften an end of an optical fiber preform 15 
to draw a glass fiber out therefrom, a coating unit 

for laying a coating on the glass fiber, and a swing 
guide roller for twisting a coated optical fiber thus 
made with the coating, thereby imparting twists 
about the axis to said glass fiber, 20 

said apparatus comprising a free zone through 
which the coated optical fiber having passed 
the swing guide roller is made to pass in a free 
state of rotation about the axis, wherein a zone 25 
length L (m) of said free zone is not less than 
Lo (m) defined as follows: 

Lo (m) = [a maximum drawing speed of 
the coated optical fiber (m/min)]/[the number of 
clockwise and counterclockwise swing motions 30 
per unit time of the swing guide roller (motions/ 
min)]. 



said coated optical fiber being fabricated in 
such a manner that the coated optical fiber 
made is guided via a swing guide roller period- 
ically swinging, to be twisted, thereby imparting 
twists about the axis to the glass fiber inside the 
coated optical fiber, and the coated optical fiber 
having passed said swing guide roller is made 
to pass through a free zone in which the coated 
optical fiber is allowed to freely rotate about the 
axis, wherein a zone length L (m) of said free 
zone is not less than Lo (m) defined as follows: 
Lo(m) = [a maximum drawing speed of 
the coated optical fiber (m/min)]/[the number of 
clockwise and counterclockwise swing motions 
per unit time of the swing guide roller (motions/ 
min)], 

thereby longitudinally canceling out elastic tor- 
sion stored in the coated optical fiber because 
of longitudinally alternate inversion of twist di- 
rections thereof. 



5. The apparatus according to Claim 4, wherein said 
free zone is a region between two guide members 
and is retained so that said coated optical fiber can 
travel straight between the two guide members 
while being maintained in a noncontact state with 
another member. 

6. The apparatus according to Claim 4, wherein a 
movable guide roller is located at least at one of the 
two ends of said free zone. 

7. The apparatus according to Claim 4, comprising at 
least one intermediate guide roller having a smooth 
roller surface for allowing the coated optical fiber to 
pass in a freely rotatable state about the axis, in said 
free zone. 

8. The apparatus according to Claim 7, wherein at 
least one of said intermediate guide roller is mova- 
ble. 



35 
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9. A coated optical fiber fabricated by heating to soften 
an end of an optical fiber preform to draw a glass 
fiber out therefrom and laying a coating on the glass 
fiber, 
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Fig. 5 



0:NUMBER OF RESIDUAL TORTION OF LESS THAN 0.1 twist/m 
A:NUMBER OF RESIDUAL TORTION OF NOT LESS THAN 
0.1 twist/m BUT LESS THAN 1 twist/m 

x :NUMBER OF RESIDUAL TORTION OF NOT LESS THAN 1 twist/m 
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